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PROCESS FOR FILLING MICROFLUIDIC CHANNELS 



CROSS REFERENCE TO RELATED APPLICATION 
This application is related to U.S. Provisional Patent Application No. 60/274,478, 
filed March 9, 2001, which is incorporated herein by reference in its entirety for all purposes. 

BACKGROUND OF THE INVENTION 
The performance of chemical or biochemical analyses, assays, syntheses or 
preparations often requires a large number of separate manipulations to be performed on the 
material(s) or component(s) to be assayed, including measuring, aliquotting, transferring, diluting, 
mixing, separating, detecting, incubating, etc. Microfluidic technology miniaturizes these 
manipulations and integrates them so that they can be executed within one or a few microfluidic 
devices. For example, pioneering microfluidic methods of performing biological assays in 
microfluidic systems have been developed, such as those described by Parce et al., "High 
Throughput Screening Assay Systems in Microscale Fluidic Devices" U.S. 5,942,443 and Knapp et 
al, "Closed Loop Biochemical Analyzers" (WO 98/45481). 

Many examples of microfluidic devices incorporate capillary or other similar 
elements extending from body structures of the devices. See, e.g., U.S. Patent Number 6,149 
issued November 21, 2000, entifled "Extemal Material Accession Systems and Methods," to A. 
Chow et al., for an illustration of one possible microfluidic device incorporating capillary elements. 
Typically, a capillary element, which includes a capillary channel disposed therethrough, provides 
fluid communication between, e.g., a microchamiel, microreservoir, microchannel network, or other 
similar cavity or element housed within the body structure of a microfluidic device and a fluid 
source outside of the microfluidic device. Such capillary elements are optionally used to load 
reagents, samples, or other materials from external sources, such as microwell plates, into the 
microfluidic device (or more specifically into desired microchannels, etc.). 

Typically, as part of the preparation and/or manufacture of microfluidic devices, the 
microfluidic elements (e.g., microchannels, capillary elements, etc), are often filled and wetted with 
a desired gas, or more typically, a desired fluid, before the specific assays, etc. for which the 



microfluidic device was designed, are performed. One concern associated with the pre-filUng of 
microfluidic devices containing capillary elements is the possibility of bubbles (of air or other 
gasses) being trapped within the junction or area where the capillary element joins/abuts the 
substrate layers of the microfluidic device. This is especially true with increasingly small junction 
5 areas. Bubbles can also be of concem in the pre-filling of microfluidic devices that have complex 
or intricate combinations of microfluidic elements (e.g., microchannels, etc.). For example, initial 
filling of microchannels containing large changes in cross-sectional area can present regions 
wherein bubbles (or other incomplete pre-filling problems) can be of concem. 

A welcome addition to the art would be the ability to pre-fiU microfluidic devices 
10 containing such capillary elements and complex/intricate microfluidic element configurations in 

microfluidic devices without the concem of bubbles being trapped in the interface between the 
■ ! capillary element and the substrate layer(s) of the microfluidic device or within the microfluidic 
elements of the device. The present invention includes methods and devices that accomplish these 
objectives. 
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BRIEF SUMMARY OF THE INVENTION 
The present invention provides methods, systems, kits, and devices for filling 

microfluidic channels with a gas and/or with a degassed fluid. The microfluidic channel(s) is 

PI 

y I placed under a total or partial vacuum, thus becoming either totally or partially evacuated. This 
3o produces a first pressure intemally. The totally or partially evacuated microfluidic channel is then 

fir 

submerged in a gas or a degassed fluid that is at a higher pressure than the totally or partially 
evacuated microfluidic channel. After being submerged, the microfluidic chaiinel(s) is vented to the 
gas or degassed fluid in which it is submerged, thus allowing the gas or degassed fluid to fill the 
totally or partially evacxmted microfluidic chaimel(s). 

25 In one aspect of the invention, a method of at least partially filling at least one 

microfluidic channel of a microfluidic device with a gas or fluid is disclosed which comprises 
applying a vacuxmi to the at least one microfluidic channel of the microfluidic device, and at least 
partially filling the at least one microfluidic channel with at least one of a gas or fluid while the at 
least one microfluidic channel remains under vacuum. The applying a vacuiun to the at least one 

30 microfluidic channel of the microfluidic device preferentially comprises placing the microfluidic 

device in a vacuum chamber and applying a vacuum to the vacuum chamber. The vacuum applied 

to the vacuum chamber can range fi:om between about 0 and 102 kPa, for example, firom between 
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about,15 and 85 kPa, from between about 30 and 70 kPa., from between about 45 and 55 kPa, and 
from between about 0 and 5 kPa, for example. The step of at least partially filling the at least one 
microfluidic channel with a gas or fluid can comprise, for example, at least partially filling the at 
least one microfluidic channel with at least one fluid selected from the group comprising water, 
5 EDTA solution, DMSO, PEG, polyacrylamide, and NaOH solution, or at least one inert gas, such as 
carbon dioxide or nitrogen, or a combination of any one or more of the fluids and gases. 

In another aspect of the invention, a method of preparing at least one microfluidic 
device for a gas or fluid-filling operation is disclosed which comprises placing the at least one 
microfluidic device in a vacuum chamber and applying a vacuum to the vacuum chamber. The 
10 method can comprise placmg two or more microfluidic devices in the vacuum chamber. The 

method may then include mtroducing at least one of a gas or a fluid into the vacuum chamber while 
i^ii the at least one microfluidic device remains under vacuum. The method may comprise mtroducing 
■ both at least one gas and at least one fluid into the vacuum chamber. The at least one gas can be 
ill introduced into the vacuum chamber before introducing the at least one fhiid mto the vacuum 
ijs chamber. 

^ In yet another aspect of the invention, a system for filling a microfluidic device with 

Si 

CI a gas or a fluid is disclosed which comprises a chamber configured to receive the microfluidic 

% device, a vacuum source which is fluidly coupled to the chamber and which is configured to apply a 

vacuum to the chamber, and at least one source of a gas or fluid which is fluidly coupled to the 
p|0 chamber and which is configured to introduce at least one of a gas or a fluid into the chamber. 
The system may further include a detector which is configured to monitor filling of the 
microfluidic device with the gas or fluid. The system may also include a processor which is 
operably coupled to the microfluidic device, and which comprises an instruction set for acquiring 
data from the detector and for controlling filling of the microfluidic device with the gas or the fluid. 
25 In some aspects, the invention comprises a method of filling at least one microfluidic 

channel. Such method of filling comprises placing the at least one microfluidic channel under a 
total or partial vacuum, thereby producing a substantially evacuated at least one microfluidic 
channel having a first pressure intemally; submerging the substantially evacuated at least one 
microfluidic channel in a gas or in a degassed fluid which has a second pressure that is greater than 
30 the first pressure (i.e., the pressure of the gas or degassed fluid is greater than the pressure within 
the submerged substantially evacuated at least one microfluidic channel), thereby producing a 

submerged substantially evacuated at least one microfluidic channel; and venting the submerged 
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substantially evacuated at least one microfluidic channel to the gas or degassed fluid, thereby filling 
the submerged substantially evacuated at least one microfluidic channel with the gas or with the 
degassed fluid and producing a fluid-fill or a gas-filled at least one microfluidic channel. 

In other aspects the invention optionally comprises submerging the substantially 
5 evacuated at least one microfluidic channel in a degassed fluid comprising a buffer. Other aspects 
of the invention optionally comprise submerging the substantially evacuated at least one 
microfluidic channel in water, an EDTA solution, DMSO, PEG, polyacrylamide, an NaOH solution, 
or the like. Additionally, the invention optionally comprises diffusing a fluid into a gas-filled at 
least one microfluidic channel. In some aspects of the invention, the gas in which the at least one 
10 microfluidic channel is submerged optionally comprises an inert gas, CO2, N2, or the like. 

In yet other aspects, the at least one microfluidic channel is optionally fluidly 
connected to at least one capillary element (which includes a capillary channel disposed within the 
^ capillary element). Furthermore, the at least one microfluidic channel of the invention optionally 
comprises a pluraUty of microfluidic channels or further comprises one or more micro-reservoir or 



j.|5 microchamber. 

The total or partial vacuum under which the at least one microfluidic channel is 
placed, in various aspects of the invention, optionally comprises from between at least about 0.5 
^ kPa to at least about 102 kPa or more, between at least about 15 kPa to at least about 85 kPa or 
fp more, between at least about 30 kPa to at least about 70 kPa or more, or between at least 45 kPa to 
||o at least about 55 kPa or more. In preferred embodiments, the at least one microfluidic channel 
lit optionally is placed under between at least about 0.5 kPa to at least about 5 kPa or more total or 
partial vacuum. 

Additionally, the invention comprises a device or system for filling a microfluidic 

device (e.g., one that comprises at least one microfluidic channel) with a gas or a degassed fluid. In 

25 various aspects the device for filling comprises a chamber configured to receive the microfluidic 

device, a vacuum system configured to evacuate atmospheric gasses firom the chamber, and a 

system configured to add the gas or degassed fluid into the chamber. 

Optionally, the device for filling can further comprise a system for venting the at 

least one microfluidic chamel to the chamber in which the microfluidic device is placed. 

30 Furthermore, the invention optionally comprises a detector system that is configured to monitor the 

filling of the microfluidic device with the gas or the degassed fluid. In yet other aspects the 

invention optionally comprises a computer operably coupled to the device for filling a microfluidic 
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device, wherein the computer comprises an instruction set for acquiring data from the detector and 
for controlling the filling of the microfluidic device with the gas or the degassed fluid. 
Many additional aspects of the invention will be apparent upon complete review of this disclosiire, 
including uses of the devices and systems of the invention, methods of manufacture of the devices 
5 and systems of the invention, kits for practicing the methods of the invention and the like. For 
example, kits comprising any of the devices or systems set forth above, or elements thereof, in 
conjunction with, e.g., packaging materials (e.g., containers, scalable plastic bags, etc.) and 
instructions for using the devices, e.g., to practice the methods herein, are also contemplated. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1, panels A, B, and C comprises schematic top and side views of an example 
microfluidic device (including a capillary element) capable of being evacuated and filled through 

51 

jp the methods and devices of the invention. 

m 



Figure 2, panel A is a schematic side view of the junction between a capillary 
^35 element and a microfluidic device; panel B is a schematic view of complex/intricate microchannel 
■'y, configuration. 

%^ Figure 3 is a schematic diagram of an example arrangement of the devices of the 

\m invention. 

j ll Figure 4 is a schematic diagram (top view) of an example microfluidic device 

^?iO (including four capillary elements and a complex channel arrangement) capable of being evacuated 

i If? 

and filled through use of the methods and devices of the invention. 

DETAILED DESCRIPTION 

The methods and devices of the invention directly address and solve concerns 

25 associated with the filling (i.e., pre-fiUing done before any assays, etc. are performed) of 

microfluidic channels and devices. Specifically, the invention provides methods for substantially 

evacuating gas(ses) from microfluidic channels and microfluidic devices and subsequently filling 

the microfluidic channels and devices with desired gasses and/or fluids. As used herein, the term 

"filling" in relation to the methods and devices of this invention more specifically refers to the pre- 

30 filling of a microfluidic device (and the microfluidic elements within in it such as, e.g., 

microchannels, or pre-selected subsets of chamels and/or other elements) as described above. 

Additionally, the use of "filling" or "fill" in a microfluidic device herein is used interchangeably 
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with. "pre-fiUing" to mean the filling of microfluidic elements, capillary elements, etc, with a gas 
and/or fluid during manufacture/preparation of the microfluidic device. It is to be appreciated that 
as used herein, the term "microfluidic device" incorporates the concept of a microfluidic device that 
comprises microfluidic elements such as, e.g., microfluidic channels (also called microchannels or 
microscale channels); therefore when a microfluidic device is described herein as being, e.g., 
evacuated or filled, it is to be understood that such microfluidic elements as are within such 
microfluidic device are also being evacuated or filled. The methods of the invention permit such 
filling to be done as to avoid unwanted trapped bubbles within the microfluidic channels or devices. 
The invention also provides systems and devices to perform the evacuating and filling of 
microfluidic channels and devices with desired gas(ses) and/or fluid(s). Such systems and devices 
allow control of, e.g., gas evacuation, submersion of evacuated microfluidic chaimels or devices 
under desired gas(ses) and/or fluids, venting of the evacuated microfluidic channels and/or devices 
to the desired gas(ses) and/or fluids, and, e.g., optional detector systems and computer systems to 
monitor and control the evacuation/filling/etc. of the microfluidic channels and/or devices. 

While the methods and devices of the current invention are especially applicable for 
microfluidic channels and/or microfluidic devices that are used in combination with capillary 
elements or that present intricate/complex channel configurations, they are equally usefiil for more 
'simple' microfluidic channel configurations and/or microfluidic devices (i.e., ones without 
capillary elements or complex configurations). For example, depending upon the parameters of the 
specific uses (e.g., assays, etc.) of a microfluidic channel or device, in nxmierous applications, 
specific gas(ses) and/or fluids are desired in the fluidic elements of microfluidic devices. As one 
possible non-limiting example, some assays may need to be carried out in a high oxygen content 
environment, therefore, use of the methods and devices of the current invention can provide that the 
microfluidic elements and devices used in such assays can be filled with, e.g., a highly oxygenated 
fluid. Alternatively, in some situations, particular reactions, assays, etc. may need to avoid certain 
gasses, fluids, compounds, etc. Again, as a non-limiting example, some reactions need to be 
performed in anaerobic conditions. Use of the methods and devices of the current invention allow 
the used microfluidic elements and devices to be filled with, e.g., gas(ses) and/or fluids tiiat are 
anaerobic. 

Briefly, the methods and devices of the current invention involve evacuating and 

filling of microfluidic channels and/or devices in order to avoid bubbles trapped within the 

microfluidic channels and/or devices while at the same time minimizing filling time, allowing 
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evacuation/filling of multiple microfluidic devices at the same time, and allowing for a wide range 
of possible gas(ses) and/or fluids to be used in the filUng of the microfluidic channels and/or 
microfluidic devices. Other various methods and devices have previously been used to fill 
microfluidic channels and/or devices. For example, some previously used methods have involved 
5 such things as flowing a gas, e.g., carbon dioxide through each microfluidic device individually; 
allowing time for the carbon dioxide to saturate the microfluidic elements in the device; and then 
pulHng a fluid, e.g., a sodium hydroxide solution, through the device which will dissolve and react 
with the carbon dioxide gas, thus wetting and filling the microfluidic elements of the device. 

The current invention differs from the above methods and devices in numerous ways. 
10 For example, while other filling methods/systems, etc. have accompUshed filling by, e.g., allowing 
desired gas(ses) to diffuse into microfluidic elements or devices followed by pulling a fluid through 
to react with the gas, the present invention accompUshes filling by first substantially evacuating the 
microfluidic elements and devices and then filling them with the desired gas(ses) and/or fluid(s). 
While previous methods dealt with bubbles trapped within the microfluidic elements and devices, 
^^i5 e.g., by pressurizing then cooHng the microfluidic elementsAievices, the current invention avoids 

trapped bubbles by first substantially evacuating all gas(ses) fi-om the microfluidic elements atwi^or 
;L« devices before filling them with the desired gas(ses) and/or fluid(s). Additionally, while other 

& meithods and devices accomplish filling of microfluidic elements or devices by, e.g., filling one 

%' 

If microfluidic device at a time, the current methods and devices are flexible enough to allow muhiple 
1^0 microfluidic elements and devices to be evacuated and filled simultaneously, thus allowing for 
savings in production costs, time usage, etc. Furthermore, since the methods and devices of the 

current invention rely on substantially evacuating all gasses from the microfluidic elements and 
devices before filling them with the desired gas(ses) and/or fluid(s) instead of relying on simple 
diffiision of, e.g., carbon dioxide into the areas of the microfluidic device, additional time saving is 
25 achieved. 

The present invention also optionally includes various elements involved in, e.g., 
monitoring the evacuating and filling of microfluidic elements (e.g., microchaimels) and 
microfluidic devices, temperature control, fluid transport mechanisms, robotic devices for, e.g., 
positioning of components or devices involved, etc. 

30 
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METHODS AND DEVICES OF THE INVENTION 

Microfluidic Devices to be Evacuated/Filled 

The methods and devices of the invention involved in the evacuating and filling of 
5 microfluidic elements (e.g., microchannels, microreservoirs, etc.) are preferably done in relation to 
the filling of such microfluidic elements as comprising a microfluidic device. The term 
"microfluidic/' as used herein, refers to a device component, e.g., chamber, channel, reservoir, or 
the like, that includes at least one cross-sectional dimension, such as depth, width, length, diameter, 
etc. of from about 0.1 micrometer to about 500 micrometer. Accordingly, the microfluidic devices, 
10 systems, elements, etc. evacuated/filled through use of the methods and/or devices of the present 
invention typically include at least one microscale channel, often at least two intersecting 
microscale channels, and often even three or more intersecting channels disposed within a single 



%^ body structure. Such channels can intersect each other in a variety of ways, including, e.g., "T" 
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intersection, off-set "T" intersections, "Y" intersections, cross intersections (i.e., "+"), or any 
M 5 number of other configurations wherein two or more channels are in fluid commimication. 

Examples of microfluidic devices are detailed in, e.g., U.S. Patent No. 5,942,443 issued August 24, 
1999, entitled "High Throughput Screening Assay Systems in Microscale Fluidic Devices" to J. 
ill Wallace Parce et al. and U.S. Patent No. 5,880,071 issued March 9, 1999, entitled 'TElectropipettor 

and Compensation Means for Electrophoretic Bias" to J. Wallace Parce et al., both of which are 
iO incorporated herein by reference for all purposes. In general, myriad different microscale systems, 
devices, and elements are optionally evacuated and filled through use of the methods and devices of 
the present invention. 

Typically, microfluidic devices are planar in structure and are constructed from an 
aggregation of planar substrate layers wherein the fluidic elements, such as microchannels, etc., are 
25 defined by the interface of the various substrate layers. The microchaimels, etc. are usually etched, 
embossed, molded, ablated or otherwise fabricated into a surface of a first substrate layer as 
grooves, depressions, or the like. A second substrate layer is subsequently overlaid on the first 
substrate layer and bonded to it in order to cover the grooves, etc. in the first layer, thus creating 
sealed fluidic components within the interior portion of the device. Additionally, microfluidic 
30 elements such as open-well micro-reservoirs, apertures, ports, etc. can be formed by creating 

perforations in one or more substrate layer, which perforation optionally can correspond to recessed 
areas on the opposing substrate layer and/or can be in communication with at least one of the, e.g., 
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microchaimels or microchambers within the microfluidic device. In the completed microfluidic 
device, such openings can fimction as reservoirs for allowing fluid and/or material introduction into 
the microfluidic elements (e.g., microchannels) of the interior areas of the microfluidic device 
and/or as channels of the microfluidic device to control and direct fluid transport within and through 
the device. 

The substrate layers of microfluidic devices (including such ones as are filled by the 
methods and devices of the current invention) can be composed of numerous types of materials 
depending upon, e.g., the specific compounds, reagents, etc. to be assayed; the various procedures 
involved in the assays (such as how compounds are to be transported); and the substrate material's 
compatibility with known microfabrication techniques, e.g., photolithography, wet chemical 
etching, laser ablation, air abrasion techniques, injection molding, embossing, and other techniques. 
Substrate materials are typically chosen based upon their compatibility with the fiill range of 
conditions to which the microfluidic device may be exposed (e.g., ranges of pH, temperature, salt 
concentration, electric fields, etc.). 

For example, the substrate layers of microfluidic devices, such as ones filled by the 
methods and devices of the current invention, can be composed of, e.g., metal materials; siUca- 
based materials (such as glass, quartz, silicon, fused silica, or the like); polymeric materials (or a 
polymer coating on other materials) such as acrylics (e.g., polymethyhnethacrylate), polycarbonate, 
polytetrafluoroethylene, polyvinylchloride, polydimethylsiloxane, polysulfone, polystyrene, 
polymethylpentene, polypropylene, polyethylene, polyvinylidine fluoride, acrylonitrile-butadiene- 
styrene copolymer, or the like; ceramic materials, etc. Also, depending upon the specific 
parameters of the desired use, specific areas of a microfluidic device can be lined with different 
substances than that substance of which the rest of the same microfluidic device is composed. 

The surface of a substrate layer comprising a microfluidic device may be of the same 

material as the non-surface areas of the substrate or, altematively, the surface may comprise a 

coating on the substrate base. Furthermore, if the surface is coated, the coating optionally can cover 

either the entire substrate base or can cover only select subparts of the substrate base, e.g., the 

surface of one or more microreservoir. For example, in the case of glass substrates, the surface of 

the glass of the base substrate may be treated to provide surface properties that are compatible 

and/or beneficial to one or more reagent used, etc. Such treatments include derivatization of the 

glass surface, e.g., through silanization or the like, or through coating of the surface using, e.g., a 

thin layer of other material such as a polymeric or metallic material. Derivatization using silane 
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chemistry is well known to those of skill in the art and can be readily employed to add, e.g., amine, 
aldehyde, diol or other functional groups to the surface of the glass substrate, depending upon the 
desired surface properties. Alternatively, a glass layer may be provided as a coating over the 
surface of another base substrate, e.g., silicon, metal, ceramic, or the like. 
5 In the case of polymer substrates, as with the glass or other sihca based substrates 

described herein, the substrate may be comprised entirely of the polymer materials, or the polymer 
materials may be provided as a coating over a support element (i.e., base substrate). Such base 
substrates include, but are not limited to substances listed herein (e.g., metal, silicon, ceramic, glass, 
or other polymer or plastic card ). In some cases, metal substrates are optionally used, either coated 
10 or uncoated, in order to take advantage of their conductivity. 

Furthermore, in the case of metal substrates, metals that are not easily corroded 
under potentially high salt conditions, applied electric fields, and the like are optionally preferred. 
For this reason, titanium substrates, platinum substrates and gold substrates, for example, generally 
Q can be suitable, although other metals, e.g., ahmiinum, stainless steel, and the like, also can be 
riS useful. 

j5 Using the methods and devices of the present invention, appropriate gas(ses) and/or 

fluid(s) can be selected with which to fill microfluidic elements (e.g., microfluidic channels) and 
microfluidic devices. In addition to providing a way to avoid bubble formation in microfluidic 
elements (e.g., microchannels) and in microfluidic devices, the methods and devices of the 
■ lo invention can optionally be utilized to manipulate such things as assay parameters, etc. in the 
microfluidic elements and devices. The methods and devices herein can be accommodated to 
utilize gas(ses) and/or fluid(s) that specifically do not interact with the particular substrate 
material(s) (or substrate coating(s)) that comprise the microfluidic element or microfluidic device 
being evacuated/filled. Altematively, the methods and devices herein can be accommodated to 
25 utilize gas(ses) md/or fluid(s) that specifically do interact with the particular substrate material(s) 
(or substrate coating(s)) that comprise the microfluidic element or microfluidic device being 
evacuated/filled. For example, a fluid 'A' that is used to fill an evacuated microfluidic device can 
optionally be chosen which interacts with substrate layer * Y' (which lines or coats the microfluidic 
channels of the microfluidic device being filled). The interaction between 'A' and ' Y' can be one 
30 that, e.g., modifies the coatings/linings of the microfluidic channels of the device in order to, e.g., 
improve fluid flow through the microfluidic channels, etc. 
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Capillary Elements 

Many microfluidic devices incorporate capillary elements (or other similar pipettor 
elements) such as sippers or electropipettors into their design. Such capillary elements are capable 
of sampling extremely small amounts of material and transporting the material into, e.g., a 
5 microfluidic chaimel(s) in the microfluidic device. The typical structure of one example of such a 
capillary element is illustrated in U.S. Patent Number 5,779,868, issued July 14, 1998, entitled 
"Electropipettor and Compensation Means for Electrophoretic Bias," issued to J. Wallace Parce et 
al. which is incorporated herein by reference in its entirety for all purposes. Microfluidic devices 
can include multiple capillary elements (e.g., 1, 2, 3, 4, 6, 8, 10, 12, 15, 20 or more elements) 

10 extending firom the body of the microfluidic device. 

In general, capillary elements incorporate at least one capillary channel that extends 
% the length of the capillary element. One end of the capillary channel is typically opened while the 

11 opposing end of the channel is typically in fluid communication with at least one microfluidic 

% element (e.g., a microchannel) within a microfluidic device. Material sampling is usually done by 
Hs contacting the open end of the capillary channel with a source of a material to be analyzed, etc. 
;j Such material is then drawn into the capillary channel and thus transported into the microfluidic 

elements of the microfluidic device. Oftentimes the method of drawing the material into a capillary, 
SI as well as the transport of the material into the microfluidic elements of the device, is done via 
gl electrokinetic transport. In other words, an electric field is created between the material source and 
' 20 a point within the microfluidic device, thereby causing electrokinetic movement of the material into 
and through the capillary channel into the microfluidic device. Other methods of material 
sampling/transport are also optionally used, such as vacuum or pressure forces, wicking forces, etc. 

Unfortunately, the incorporation of capillary elements in microfluidic devices can 
present problems in the wetting and filling of the microfluidic elements (e.g., microchamels) of the 
25 device. As stated previously, during the production and before their use in analyses, etc. 

microfluidic elements (such as microchannels) and microfluidic devices are typically and optionally 
wetted and filled with, e.g., a fluid such as, e.g., a buffer. Bubbles of air can often be trapped in liie 
interface between a capillary element and the substrate layers of a microfluidic device during this 
wetting and filling. Figure 1, shows a typical (but non-limiting) view of one possible configuration 
30 of a microfluidic device incorporating a capillary element while Figure 2 A, illustrates one possible 
non-limiting example of the interface betvv^een a capillary element and the substrate layers of a 
microfluidic device. 
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Figure 1, panels A, B, and C provide additional details regarding an example 
microfluidic device that incorporates a capillary element. The device in Figure 1 is one example of 
a microfluidic device that is capable of being evacuated/filled using the methods and devices of the 
current invention. During the microfluidic device's use, as shown, body structure 102 has a main 
5 channel 104 disposed therein. A sample or mixture of components, e.g., typically a buffer, is 
optionally flowed jfrom capillary element 120 towards reservoir 114, e.g., by applying a vacuum at 
reservoir 114 (or another point in the system) or by, e.g., applying appropriate voltage gradients or 
wicking arrangements. Altematively, a vacuum, or appropriate pressure force, is applied at, e.g., 
reservoirs 108, 112 or through capillary element 120. Additional materials, such as buffer 
10 solutions, substrate solutions, enzyme solutions, test molecules, fluorescence indicatory dyes and 
the like are optionally flowed from wells, e.g., 108 or 112 and into main channel 104. Flow from 
the microreservoir 114 is optionally performed, e.g., by modulating fluid pressure, by electrokinetic 
approaches, by wicking forces, by hydrostatic forces, etc. (or a combination of such forces, etc.). 
As fluid is added to main channel 104, e.g., from reservoir 108, the flow rate increases. The flow 



H5 rate is optionally reduced by flowing a portion of the fluid from main channel 104 mto flow 
reduction channel 106 or 110. The arrangement of channels depicted in Figure 1 is only one 
possible arrangement out of many which are appropriate and available to be evacuated and filled 
£1 using the methods and devices of the present invention. Additional altematives can be readily 
j^l devised, e.g., by combining microfluidic elements such as flow reduction channels, with other 
rtio microfluidic devices in the patents and applications referenced herein. Also, optional 

configurations can include, e.g., a variable number of capillary elements integrated into the 
microfluidic device. Such optional configurations incorporating multiple capillary elements can 
also optionally be evacuated and filled by the methods and devices of the invention. 

The microfluidic devices which are capable of being evacuated and filled by the 
25 invention typically include at least one main analysis channel, but may include two or more main 
analysis channels in order to multiplex the number of analyses being carried out in the microfluidic 
device at any given time. Typically, a single microfluidic device will include from about 1 to about 
100 or more separate analysis channels. In most cases, the analysis channel is intersected by at least 
one other microscale chaimel disposed within the body of the device. Typically, the one or more 
30 additional channels are used, e.g., to bring the samples, test compounds, assays reagents, etc. into 
the main analysis chaimel, in order to carry out the desired analysis. Additionally, the width of the 
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microfluidic channels can optionally be wider in some microfluidic devices than in other 
microfluidic devices depending upon the desired use of the device. 

Figure 2A illustrates one possible arrangement of the interface between a capillary 
element and a microfluidic element in a microfluidic device. One will appreciate that the illustrated 
5 arrangement is not limiting and that numerous other possible interactions between microfluidic 
elements (e.g., in microfluidic devices) and capillary elements are possible. As stated, supra, 
microfluidic devices (and thus the microfluidic elements, such as microchannels, incorporated 
within them, such as microchannels) are wetted and filled before use in analyses. The wetting and 
filling of an interface between a capillary element and a microfluidic device, as is shown in Figure 
10 2 A, can be problematic in that bubbles can become trapped within the interface. Such bubbles can 

often severely interfere with any analysis later done involving the microfluidic element or 
Ci microfluidic device containing such bubbles. Obviously, in microfluidic devices containing 
ill multiple capillary elements, the bubble problem is magnified {see, e.g., Figure 4, below). As shown 

in Figure 2A, substrate layers 200 and 202 enclose and define microfluidic element (here a 
W5 microfluidic channel) 204. Capillary element 206, travels through substrate layer 202 and opens 



.1.???: 



i|i into microfluidic channel 204. Capillary element 206 contains within it, capillary lumen 208. In a 



ill 



■g microfluidic device such as illustrated in Figure 2A, fluid(s) and/or material(s) are drawn up 

through capillary element 206 and into microfluidic channel 204. During the initial wetting and 

filhng of the microfluidic device (e.g., done at time of preparation/manufacture before the device is 

20 used for analysis, etc.) air bubbles can be trapped in the juncture between capillary element 206 and 

the substrate layers 200 and 202 which define microfluidic channel 204. 

Figure 2B illustrates one possible configuration of an intricate/complex microfluidic 

channel cross-sectional profile. It will be appreciated that the configuration shown is only one such 

possible cross-sectional profile and that numerous other arrangements are possible. The wetting 

25 and filling of a complex/intricate microchannel cross-sectional profile as is shown in Figure 2B can 

result in trapped bubbles. As shown in Figure 2B, microchaimel area 212 is much narrower in 

comparison to microchannel area 214. If filling of such a microchannel is done using current 

wetting/filling techniques (e.g., pushing or pulling fluids through a microfluidic device), then initial 

wetting and filling of such a microchannel can leave bubbles trapped in slower flowing (or "eddy") 

30 areas, e.g., against the outer walls of the microchannel in its broader sections such as 214. 

Figure 4 illustrates an additional possible arrangement of a microfluidic device 

capable of being evacuated and filled using the methods and devices of the invention. Figure 4 
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shows one example of a more "complex" microfluidic device arrangement, e.g., one having, e.g., 
varying channel cross-sectional areas, complex dimension networks, etc., that is capable of being 
evacuated/filled using the methods and devices of the present invention. As shown in Figure 4, the 
microfluidic device incorporates 4 capillary elements, 402, 404, 406, and 408, as seen in top view, 
5 As described above, such a microfluidic device poses areas of concern in wetting and filling. For 
example, areas where capillary elements 402, 404, 406, and 408 join with the body of the 
microfluidic device, unwanted bubbles may become trapped during the wetting and filling of the 
device. However, the methods and devices of the present invention avoid such bubbles through the 
evacuation, etc, of the microfluidic device as described herein. Also, as illustrated in Figure 4, the 
10 microfluidic device shown has a number of intricate channel configurations which if using other 
means of wetting and filUng the device, could require longer time periods to allow a gas, e.g., 

Q 

ill carbon dioxide, to diffuse into all areas. Again, the methods and devices of the present invention, 

51 avoid such diffusion time requirements because the device is evacuated/filled, etc. as described 

111 

w herein. 

■ ^ Ex amples of uses of the Methods and Devices of the invention 

iJI ' 

(if As outlined previously, microfluidic devices are typically filled with a gas, or more 

|1| often, a fluid before they are used to perform desired analyses, etc. This filling, or more typically 

CI wetting and filhng, is generally done at time of preparation or manufacture of the microfluidic 

fIf 

20 device. Such wetting and filUng is done for numerous purposes, such as allowing modification of 
the surfaces of various microfluidic elements (e.g., microchannels) within a microfluidic device, 
avoidance of bubble formation which might occur when fluids are drawn through an empty 
microfluidic device , etc. Additionally, some fluids used to wet and fill microfluidic devices can 
optionally act as preservatives to prevent contamination of the fluidic areas within a microflixidic 

25 device. For example, to such an end, solutions of, e.g., ethylene-diamine-tetra-acetic acid (EDTA) 
can optionally be used as a filling fluid. 

Currently, one primarily way to accompUsh wetting and filUng of microfluidic 
devices (especially ones incorporating capillary elements) is to distribute carbon dioxide through 
each microfluidic device to be wetted and filled. Carbon dioxide is flowed into a microfluidic 

30 device and allowed to diffuse into all areas. Diffusion into areas is especially important in 

regions/areas where flow of carbon dioxide is not an option (e.g., "dead-leg areas" areas, e.g., 

microchannels, having no end outlet, such as "T" formations). Such actions are usually done to 
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each microfluidic device singularly. The carbon dioxide is allowed to fully saturate the microfluidic 
elements of the device (i.e., to permeate through all microchannels, capillary elements, etc.). The 
time required for the carbon dioxide to diffuse through all of the elements of the microfluidic device 
depends upon several factors including, e.g., the size, complexity and number of the microfluidic 
5 elements involved in the device (i.e., greater complexity, etc. can require a greater diffusing time for 
the carbon dioxide). Once the carbon dioxide is diffused throughout the elements of the 
microfluidic device, a solution of sodium hydroxide is pulled through the microfluidic device. As 
the sodium hydroxide solution is pulled through the device, the carbon dioxide dissolves into, and 
reacts with, the solution, thus wetting and filling the fluidic elements of the microfluidic device 
10 (e.g., the various microchannels, etc. within the microfluidic device). Other techniques involve 
simply pushing or pulling fluid through the microfluidic elements of a microfluidic device (i.e., 
Js{ using pressure or vacuum respectively), 

0 Unfortunately, the above methods often leave bubbles trapped at the interface 

£1 between capillary elements and the microfluidic element (e.g., microchannel) into which the 
fls capillary element flows. Bubble formation may also be problematic in certain microchannel 
5? configurations. This is especially true if the width of a microchannel greatly increases or decreases 

CI 

I J i within a short distance. In such situations, areas of gas may be trapped in eddies by the sides of the 
'ri microchannels and out of the higher flow center area of the microchannel. If btibbles do get trapped 
Q within a microfluidic device using the above technique, then one possible method used to clear the 
' ^io bubbles involves pressurizing, then cooling, the microfluidic device. The purpose of such steps is 

to attempt to force dissolution of the trapped bubbles into the fluid in the microfluidic elements 

(e.g., microchannels) of the device. 

The methods and devices of the current invention accomplish wetting and filling of 

microfluidic elements (e.g., microchannels) of microfluidic devices while avoiding trapping gas 
25 bubbles within the microfluidic devices. In the methods of the current invention, a microfluidic 

element (generally a microfluidic channel, but also other elements such as, but not lunited to, 

microreservoirs, microchambers, etc.) is evacuated by being placed under a total or partial vacuum 

and filled with a desired gas and/or fluid. In preferred embodiments, the microfluidic elements are 

incorporated in a microfluidic device. 
30 The diagram, Figure 3, illustrates one possible configuration of the devices of the 

invention. It will be appreciated that the configuration shown in Figure 3 can be optionally 

modified while staying within the scope of the methods and devices of the invention. As illustrated 
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in Figure 3, chamber 300 is used to hold one or more microfluidic devices, depending upon the size 
of the microfluidic devices and of the chamber. Once the appropriate microfluidic devices are 
placed within vacuum chamber 300, the chamber is sealed and the contents of the chamber (i.e., the 
one or more microfluidic devices) are placed under total or partial vacuum. In various 
embodiments of the invention, the level of vacuum under which the chamber (and hence the 
contents of microfluidic device(s)) is placed can range from between about 0.5 and about 102 kPa, 
from between about 15 and about 85 kPa, from between about 30 and about 70 kPa, from between 
about 45 and about 55 kPa, or more preferably from between about 0.5 and about 5 kPa. The 
vacuum is created by, e.g., using a vacuum source such as vacuum source 302 in Figure 3. Vacuum 
sources are well known in the art and numerous ones (e.g., involving pumps, etc.) are commercially 
available. By placing the microfluidic devices in the chamber under total or partial vacuum, the 
microfluidic elements within the microfluidic devices become substantially evacuated (i.e., the 
gasses within the microfluidic elements (such as the microchannels) is drawn out of the elements 
and out of the microfluidic device). 

After the microfluidic devices in vacuum chamber 300, are placed under a total or 
partial vacuum, the next step in filling the microfluidic devices comprises submerging the 
substantially evacuated microfluidic devices in a gas or a degassed fluid. For fluid filling of 
microfluidic devices, as described herein, degassed fluids are most preferred because of the desire 
to avoid gas evolution during filling or generation of the device, which can lead to, e.g., unwanted 
bubble formation. As shown in Figure 3, gas/fluid source 304 admits the gas and/or fluid into 
substantially evacuated chamber 300 which contains the one or more microfluidic device. The 
construction of the source(s) of the gas(ses) and/or fluid(s) inserted into the vacuum chamber is 
optionally dependent upon the nature of the fluid(s) and/or gas(ses) involved (i.e., the gas/fluid 
source is optionally configured (for such things are injection styles, methods, holding facihties, etc.) 
for each type of gas/fluid to be inserted. The gas and/or fluid under which the substantially 
evacuated microfluidic devices are submerged can be any of a number of materials including, but 
not limited to buffers, water, EDTA solutions, carbon dioxide, nitrogen, etc. {see^ supra). 
Additionally, combinations of both gas and fluid can be used to submerge the substantially 
evacuated microfluidic devices. 

After being submerged under the appropriate gas(ses) and/or fluid(s) the 

substantially evacuated microfluidic devices are optionally vented to the gas and/or fluid under 

which they are submerged. Since the gas(ses) and fluid(s) are at a higher pressure than the interior 
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elements of the substantially evacuated microfluidic devices, the gas(ses) and/or fluid(s) move in to 
fill the total or partial vacuum within the microfluidic elements, thereby filling the microfluidic 
devices. Furthermore, the methods and devices of the invention permit sequential additions of 
selected gas(ses) and/or fluids(s). For example, a substantially evacuated microfluidic device can 
5 optionally be submerged under, e.g., a selected gas followed by submersion under a selected fluid, 
which fluid optionally can diffuse into and/or react with the gas. It will be appreciated that during 
or after the submerged microfluidic devices are vented to the gasses/Hquids within the chamber, the 
intemal pressure of the chamber can optionally be increased to, e.g., atmospheric pressure, less than 
atmospheric pressure, or greater than atmospheric pressure (or a sequential combination of such 

10 pressures), without the chamber being opened to or exposed to ambient atmosphere. It will also be 
appreciated that venting of submerged microfluidic devices is optionally also done to ambient 
atmosphere in desired applications, as opposed to and/or in addition to the venting of microfluidic 

tf devices to the gasses/fluids within the chamber (as outUned above). 

111 One possible optional embodiment of the devices of the invention comprises wherein 

Its a venting system controls the venting of the submerged microfluidic devices to the gas(ses) and/or 
^ fluid(s) in which they are submerged. As shown in Figure 3, optional venting system 306 can 

IS 

£■ I manipulate the venting of submerged microfluidic devices to the surrounding gasses and/or fluids. 

Alternatively, instead of a venting system, Ihe gas(ses) and/or fluid(s) added to the substantially 
m evacuated chamber (300 in Figure 3) firom gas/fluid source 304 can both submerge and fill the 
1^0 microfluidic devices at the same time. In otiier words, since the pressure of the gas/fluid is higher 

than the total or partial vacuum in the microfluidic elements of the microfluidic devices in Chamber 

300, the gas/fluid will move to fill the vacuum within the microfluidic devices thereby filling them. 

In such an embodiment the submerging and venting steps (as given above) are basically combined 

into one submerging-venting step. 
25 Optional embodiments of the devices of the invention can include but are not limited 

to optional configurations involving, e.g., monitors/detectors, computer systems, etc. As shown in 

Figure 3, optional Detector/Monitor 308 can be used to track the various evacuation and filling 

events, etc. performed by the devices of the invention. 

In general, detection systems which optionally can be included in the devices of the 
30 invention include, but are not limited to, such things as optical sensors, fluid level sensors, 

temperature sensors, pressure sensors, conductivity sensors, and the Uke. Each of these types of 

sensors is readily incorporated into the devices described herein. In these systems, such detectors 
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are placed either within or adjacent to the vacuum chamber holding the microfluidic devices to be 
evacuated and filled (e.g., Chamber 300 in Figure 3) such that the detector is within sensory 
communication with the device, chamber, etc. The phrase "proximal," to a particular element or 
region, as used herein, generally refers to the placement of the detector in a position such that the 
5 detector is capable of detectmg the property of the devices of the invention, aportion of such 
device, or the contents of a portion of such device, for which that detector was intended. For 
example, a pressure sensor placed in sensory communication with a vacuum chamber such as 
Chamber 300 in Figure 3 is capable of determming the level of pressure/vacuum which exists in 
that chamber. A fluid level sensor (e.g., a float, optical detector, etc.) is capable of determining the 

10 level of fluid (e.g., degassed fluid) in, e.g., a vacuum chamber. Similarly, a temperature sensor 

placed in sensory communication with the body of a vacuum chamber is capable of determining the 

ip temperature of such a device itself 

jlj Examples of optional detection systems in the current invention can include, e.g., 

J3 optical detection systems for detecting an optical property of a material within, e.g., the 
i?fc5 microchaimels of a microfluidic device contained within, e.g., a vacuum chamber of a device of the 
;^ invention as described herein. Such optical detection systems are typically placed adjacent to a 
ill microscale channel of a microfluidic device, and optionally are in sensory communication with the 
iji channel via an optical detection window or zone that is disposed across the channel or chamber of 

the device. Sxich an optional optical detection system can be used in the devices of the mveriti^ 
20 e.g., monitor the evacuation and/or filling of the microfluidic elements of microfluidic devices (e.g., 
to detect that all areas, or a subset of areas (e.g., problematic microchannel areas such as "dead- 
legs'' {see above)) are filled with the desired gas(ses) and/or fluid(s))within, e.g., a vacuum chamber 
such as Chamber 300 as shown in Figure 3. 

Optional optical detection systems of the invention include, e.g., systems that are 
25 capable of measuring the light emitted firom material within a channel, the transmissivity or 
absorbance of the material, as well as the material's spectral characteristics, e.g., fluorescence, 
chemilimiinescence. Detectors optionally detect a labeled compound, such as fluorographic, 
colorimetric and radioactive components. Types of detectors optionally include 
spectrophotometers, photodiodes, avalanche photodiodes, microscopes, scintillation counters, 
30 cameras, diode arrays, imaging systems, photomultiplier tubes, CCD arrays, scanning detectors, 
galvo-scanners, film and the like, as well as combinations thereof Examples of suitable detectors 

are widely available firom a variety of commercial sources known to persons of skill. See, also, The 
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Photonics Design and Application Handbook, books 1, 2, 3 and 4, published annually by Laurin 
PubUshing Co., Berkshire Common, P.O. Box 1 146, Pittsfield, MA for common soiurces for optical 
components. 

As noted above, microfluidic devices such as ones capable of being evacuated and/or 
5 filled by the present devices typically include a detection window or zone at which a signal, e.g., 
fluorescence, is monitored. Such a detection window or zone also typically includes a transparent 
cover allowing visual or optical observation and detection of the evacuation/filling results, e.g., 
observation of a colorimetric, fluorometric or radioactive response. 

The optional sensor or detection portion of the devices and methods of the present 

10 invention can optionally comprise a number of different apparatuses. For example, fluorescence (if 
1,4 such is used to monitor the evacuation/filling of microfluidic devices within the devices of the 

!gf present invention) can be detected by, e.g., a photomultipUer tube, a charge coupled device (CCD) 

11 (or a CCD camera), a photodiode, or the like. Such apparatuses are commonly used in many 

111 

laboratory applications and settings and are well known to those in the art. 
ff S In some aspects, the optional detector can measure an amount of light emitted from a 

n material, such as a fluorescent or chemiluminescent material. As such, the optional detection 

\ ^ system will typically inchide collection optics for gathering a hght based signal and transmitting 

W that signal to an appropriate light detector. Microscope objectives of varying power, field diameter, 

i jl and focal length are readily utilized as at least a portion of this optical train. The optional detection 

ill 

20 system is typically coupled to a computer (described in greater detail below), via an analog to 

digital or digital to analog converter, for transmitting detected light data to the computer for 

analysis, storage and data manipulation. 

In some situations, the optional detector can include a light source which produces 

light at an appropriate wavelength for activating a fluorescent material, as well as optics for 
25 directing the light source to the material contained in, e.g., a microfluidic device within the devices 

of the invention. The light source can be any number of light sources that provides an appropriate 

wavelength, including lasers, laser diodes and LEDs. Typically, hght selection parameters are well 

known to those of skill in the art. 

The optional detector can exist as a separate unit, but is preferably integrated with 
30 the other components, into a single instrument. Integration of these functions into a single unit 

facilitates connection of these instruments with a computer (described below), by permitting the use 

of few or a single communication port(s) for transmitting information between, e.g., the vacuum 
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chamber, the detector and the computer. Integration of the detection system with a computer 
system typically includes software for converting detector signal information into assay result 
information, e.g., internal pressure in a vacuum chamber, degree of evacuation in microfluidic 
elements of microfluidic devices contained within a vacuum chamber of the invention, or the like. 

Computer 

As noted above, any, all, or any combination of, e.g., the vacuum source, gas/fluid 
addition system, venting system, etc. as well as other aspects of the current invention described 
herein optionally can be coupled to an appropriately programmed processor or computer that 
functions to instruct the operation of these instruments in accordance with preprogrammed or user 
input instructions, receive data and information from these instruments, and interpret, manipulate 
and report this information to the user. As such, the computer is typically appropriately coupled to 
one or more of the appropriate instruments (e.g., including an analog to digital or digital to analog 
converter as needed). Again, Figure 3, displays a schematic diagram indicating one possible 
arrangement of one possible embodiment of the devices of the invention. As shown in Figure 3, 
computer 310, is operably (and optionally) coupled to, e.g., vacuum source 302, gas/fluid addition 
system 304, venting system 306, etc. Of course, Hie devices of the invention are flexible enough so 
as to carry out the methods, purposes, etc. of the invention without the incorporation of an optional 
computer system. 

The computer optionally includes appropriate software for receiving user 
instructions, either in the form of user input into set parameter fields, e.g., in a GUI, or in the form 
of preprogrammed instructions, e.g., preprogrammed for a variety of different specific operations. 
The software then converts these instructions to appropriate language for instructing the operation 
of, e.g., application of a total or partial vacuum to chamber 300 (as shown in Figure 3), etc. to carry 
out the desired operation. 

For example, the computer is optionally used to direct a gas/fluid addition system 
(e.g., 302 in Figure 3) to control gas/fluid flow, e.g., into and through the vacuum chamber (e.g., 
300 in Figure 3). Additionally, the optional computer system optionally directs, e.g., evacuation of 
gasses from the vacuum chamber. Furthermore, the optional computer system optionally controls 
the coordination of movements of multiple fluids/molecules/etc. concurrently as well as 
sequentially. For example, the computer optionally directs the gas/fluid addition system to, e.g., 
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add first a selected gas, then a selected fluid to the vacuum chamber containing the microfluidic 
devices to be evacuated and filled by the methods and devices of the invention.. 

The computer also optionally receives data fi*om the one or more sensors/detectors 
included within the system, interprets the data, and either provides it in a user understood format, or 
5 uses that data to initiate fiirther controller instructions, in accordance with the programming, e.g., 
such as in monitoring and control of flow rates (e.g., as involved in adding gas/fluid to the vacuum 
chamber, etc.), temperatures, applied voltages, pressures, and the like. 

In the present invention, the computer typically includes software for the monitoring 
and control of materials in the various aspects of the device, etc. For example, the software directs 
10 flow switching to control and direct gas/fluid flow as described above. Additionally the software is 
optionally used to control electrokinetic, pressure-modulated, or the like, mjection or withdrawal of 
Q material. The injection or withdrawal is optionally used to modulate the flow rate as described 
Ij above. 

CI In addition, the computer optionally includes software for deconvokrtion of the 

i J5 signal or signals fi-om, e.g., a detection system. For example, the deconvohition distinguishes the 
degree of evacuation firom within microfluidic elements of microfluidic devices within a vacuum 
y I chamber of the device of the invention. 

Any controller or computer optionally includes a monitor which is often a cathode 
ray tube ("CRT") display, a flat panel display (e.g., active matrix liquid crystal display, hquid 
20 crystal display), or the like. Data produced fi-om the device, e.g., withdrawal of gasses firom the 
vacuum chamber, is optionally displayed in electronic form on the monitor. Additionally, the data 
gathered fi-om the device can be outputted in printed form. The data, whether in printed form or 
electronic form (e.g., as displayed on a monitor), can be in various or multiple formats, e.g., curves, 
histograms, numeric series, tables, graphs and the Uke. 
25 Computer circuitry is often placed in a box which includes, e.g., numerous integrated 

circuit chips, such as a microprocessor, memory, interface circuits, etc. The box also optionally 
includes such things as a hard disk drive, a floppy disk drive, a high capacity removable drive such 
as a writeable CD-ROM, and other common peripheral elements. Inputting devices such as a 
keyboard or mouse optionally provide for input from a user and for user selection of sequences to 
30 be compared or otherwise manipulated in the relevant computer system. 
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Filling/Prep Kits 

The present invention also provides kits for utilizing the methods and devices of the 
invention. In particular, these kits typically include evacuation/filling devices, systems, modules 
5 and workstations (e.g., vacuum chambers, gas/fluid addition systems, etc.) for performing the 
evacuation/filling, etc. of the invention. A kit optionally contains additional components for the 
assembly and/or operation of a multimodule workstation of the invention including, but not 
restricted to robotic elements (e.g., a track robot, a robotic armature, or the like), plate handling 
devices, fluid handling devices, and computers (including e.g., input devices, monitors, C.P.U., and 
10 the like). 

Generally, the evacuation/filling devices described herein are optionally packaged to 
include some or all reagents for performing the device's fimctions (e.g., gas/fluids, etc. to be used in 

.sat. 

% fiUing microfluidic devices). For example, the kits can optionally include any of the devices 
il described herein, along with assay components, buffers, reagents, sample materials, substrates, 
i3 5 control material, spacers, buffers, immiscible fluids, etc., (e.g., to be used in filling of microfluidic 
^ devices) for performing the evacuation/filling actions of the invention. In the case of prepackaged 

is 

CI reagents, the kits optionally inchide pre-measured or pre-dosed reagents that are ready to 
S| incorporate into the methods of the invention without measurement, e.g., pre-measured fluid 
y? ahquots used to fill various devices/chambers (e.g., a vacuum chamber of the invention), etc., or 
j^O pre-weighed or pre-measured solid reagents that can be easily reconstituted by the end-user of the 
kit. 

Such kits also typically include appropriate instructions for using the above devices 
and reagents, and in cases where reagents (or all necessary reagents) are not predisposed in the 
devices themselves, with appropriate instructions for introducing the reagents into the, e.g., vacuum 

25 chambers, gas/fluid addition systems, etc. of the device. In this latter case, these kits optionally 
include special ancillary devices for introducing materials into, e.g., the gas/fluid addition system 
304, the main chamber 300, etc. Appropriate ancillary devices include such things as, e.g., 
appropriately configured syringes/pumps, or the like. Additionally, these kits optionally include 
special ancillary devices for withdrawing material, e.g., withdrawing unwanted and/or excess 

30 gas/fluid firom a vacuum chamber, etc. Generally, such reagents, materials, etc. are provided in a 
stabilized form, so as to prevent degradation or other loss during prolonged storage, e.g., from 
leakage. A nimiber of stabihzing processes are widely used for reagents that are to be stored, such 
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as the inclusion of chemical stabilizers (i.e., enzymatic inhibitors, microbicides^acteriostats, 
anticoagulants), the physical stabilization of the material, e.g., through immobilization on a solid 
support, entrapment in a matrix (i.e., a bead, a gel, etc.), lyophiUzation, or the like. 

The elements of the kits of the present invention are typically packaged together in a 
5 single package or set of related packages. The package optionally includes written instructions for 
utilizing one or more device of the invention in accordance with the methods described herein. Kits 
also optionally include packaging materials or containers for holding the evacuation/filling device, 
system or reagent elements. 

The discussion above is generally applicable to the aspects and embodiments of the 
10 invention described herein. Moreover, modifications are optionally made to the methods and 
J . devices described herein without departing fi:om the spirit and scope of the invention as claimed, 
& and the invention is optionally put to a number of different uses. 

f|l While the foregoing invention has been described in some detail for purposes of 

L;! clarity and understanding, it will be clear to one skilled in the art from a reading of this disclosure 
5 that various changes in fomi and detail can be made without departing fi*om the true scope of the 

;^ invention. For example, all the techniques and apparatus described above can be used in various 
combinations. All publications, patents, patent applications, or other documents cited in this 

m 

CI appUcation are incorporated by reference in their entirety for all purposes to the same extent as if 
[m, each individual publication, patent, patent appUcation, or other document were individually 
i%0 indicated to be incorporated by reference for all purposes. 
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